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Whether total surgical correction of tetralogy of Fallot
in adults aged 40 years old or older has acceptable 9P-
erative risk and gratifying long-term results is unknown.
The Mayo Clinic experience (June 1960 to May 1982)
with 30 patients 40 to 60 years old (mean 47) who had
total surgical correction of tetralogy of Fallot was re-
viewed. Preoperatively, 4 patients (13%) were in func-
tional class I, 9 (30%) in class II and 17 (57%) in classes
III and IV. Eight patients (27%) had had preoperative
complications: five had a cerebrovascular accident and
three had infective endocarditis. Only II patients (37%)
had had palliative surgery 16 to 34 years (mean 22)
before total surgical correction. Total surgical correction
was successful in all patients. Right ventricular to left
ventricular (RV/LV) pressure ratio of 0.65 or less was
achieved in 28 (93%) of the 30 patients. One patient died
The natural history of tetralogy of Fallot has been examined
by a cross-sectional population study in Denmark (I), ret-
rospective clinical studies by Campbell (2), review of au-
topsy reports and a combined analysis by Bertranou et al.
(3). These data suggest that, without previous corrective
surgery, survival into the fourth decade is rare (approxi-
mately 3%). Possibly because of the rarity of tetralogy of
Fallot in this age group, there are no data regarding the
risks, advisability and long-term benefits of total surgical
correction of tetralogy of Fallot in patients 40 years old or
older.
Methods
Study patients. The study group was formed from 32
consecutive patients with tetralogy of Fallot (40 years old
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of ventricular fibrillation (RVILV ratio = 0.8) 2 days
postoperatively, one had complete heart block and one
had a cerebrovascular accident 7 days after operation.
At follow-up of 5 to 266 months (mean 110), there
were seven late deaths: two sudden at 5 and 21 years,
respectively, after operation, one from myocardial in-
farction at II years, one from cerebrovascular accident
at II years, one from congestive heart failure (RVILV
ratio = 1.0) at 8 years and two from noncardiac causes.
Of the 22 patients who survived, 16 are in class I, 5 are
in class II and I is in class III. Total surgical correction
of tetralogy of Fallot can be recommended in patients
40 years old or older since the operative risk (3%) is
acceptable and the long-term results are gratifying.
(J Am Call Cardiol 1985;5:40-4)
or older) evaluated at the Mayo Clinic between June 1960
and May 1982. Patients with pulmonary atresia and ven-
tricular septal defect were excluded from the study, and they
have been previously described (4).
All 32 patients were advised to have total surgical cor-
rection; however, 2 declined the procedure. Data on the
remaining 30 patients form the basis of this retrospective
study. Preoperative hemodynamic data were compared across
preoperative and postoperative functional class by use of
the Wilcoxon rank-sum test. Survival of the entire group
was estimated with the Kaplan-Meier method (5). Com-
parison of survival with the estimated survival of medically
treated patients (3) and an age-matched population (6) at
specific points in time were made with normal deviate z
test.
Preoperative clinical features. Of the 30 patients, 18
were men and 12 were women. The mean age was 47 years
(range 40 to 60). Eleven patients (37%) had had a palliative
operation 16 to 34 years (mean 22) before total surgical
correction: 5 had a Blalock-Taussig shunt, 4 had a Brock
procedure and 2 had a Potts anastomosis. Eight patients had
a history of complications of cyanotic congenital heart dis-
ease. Four patients had had a cerebrovascular accident (5
months, 5 months, [ year and 2 years, respectively, before
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surgical correction), one patient had had episodes of tran-
sient ischemic attacks (1 year before surgical correction)
and three patients had infective endocarditis (3, 6, 12, and
20 years, respectively, before total surgical correction). In-
formation regarding the specific valves and organisms was
not available.
Physical examination. Three patients (10%) had tho-
racic cage abnormalities: one with scoliosis and two with
pectus excavatum. Cyanosis was present in 23 patients (77%)
and clubbing was present in 20 (66%). A palpable thrill at
the upper left sternal border was present in 14 patients (47%).
All patients had the auscultatory finding of a single second
heart sound and systolic murmur heard best over the upper
left sternal border. Three patients (10%) had a pulmonary
insufficiency murmur; two of the three had a prior Brock
procedure. No patient had evidence of aortic insufficiency.
A continuous murmur was present in six of seven patients
with systemic to pulmonary artery anastomosis.
Electrocardiographic findings. All patients had sinus
rhythm. Right ventricular hypertrophy was present in 26
patients (87%). The remaining four patients (13%) had com-
plete right bundle branch block. In addition, right axis de-
viation (> +90°) was present in 10 patients (33%). No left
axis deviation or left ventricular hypertrophy was noted.
Roentgenographic findings. The roentgenographic re-
ports were available for all cases but the actual chest roent-
genograms were available for reinspection in only 14 cases.
The most frequent anomaly was right aortic arch (eight
patients). Cardiomegaly (cardiothoracic ratio >0.5) was
present in 12 (85%) of the 14 patients (Fig. 1). Only five
patients had decreased pulmonary vascularity specifically
reported by the radiologist. However, an unusual cardiac
contour was noted in all but three patients.
Laboratory findings. Eleven patients had a hematocrit
level less than 48%. Seven of the 11 were clinically acy-
anotic (mean oxygen saturation 92%). Seven patients (23%)
had hematocrit levels between 48 and 57% (mean oxygen
saturation 84%) and 12 (40%) had a hematocrit level greater
than 57% (mean oxygen saturation 81%).
Results
Preoperative Evaluation
Hemodynamic data. All patients underwent cardiac
catheterization and angiocardiography before operation. Of
these, hemodynamic data were available from 27 patients
(90%) (Table 1). Angiographic findings were available from
30 patients.
We investigated the relation of mean right atrial pressure,
right ventricular systolic and end-diastolic pressures, fem-
oral artery pressure, pulmonary blood flow index (QP,),
systemic blood flow index (QS,), pulmonary to systemic
blood flow ratio (QP/QS) , systemic saturations and pul-
Figure 1. Preoperative chestroentgenogram of a 56 yearoldwoman
with tetralogy of Fallot and tricuspid insufficiency shows gener-
alized cardiomegaly, decreased pulmonary vascularity and right
aortic arch.
monary and systemic resistances with respect to 1) preop-
erative functional class, 2) prior shunts, and 3) postoperative
functional class.
We found statistically significant differences (Wilcoxon
test) between functional class and preoperative QP" QP/QS
and systemic oxygen saturation (Table 2). There were no
statistical differences in pulmonary resistance in patients
with or without prior shunt.
Angiographic findings. Biplane right ventricular angi-
ography was performed in all 30 patients (Table 3).
Total Surgical Correction
Operation. All procedures were performed with the pa-
tient on extracorporeal circulatory bypass, using ischemic
arrest in earlier years and hypothermic cardioplegic arrest
during the past 6 years (Table 4). All ventricular septal
defects were closed with a knitted Teflon patch. Right ven-
tricular outflow obstruction was relieved using infundibular
resection, pulmonary valvotomy and, in some cases, patch
enlargement of the right ventricular outflow tract. One pa-
tient required an extracardiac valved conduit from the right
ventricular outflow tract to the main pulmonary artery.
Right to left ventricular pressure ratios were obtained in
all patients intraoperatively after the corrective procedure.
Twenty-eight of the 30 patients had a pressure ratio of 0.65
or less.
Hospital morbidity and mortality. Hospital mortality
was defined as death within 30 days of total corrective
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Table 1. Preoperative Hemodynamic Data in 27 Patients 40 Years Old or Older With
Tetralogy of Fallot
Mean Range
Pressures (mm Hg)
Mean right atrial 7.4 3 to 12
Right ventricular systolic 132 96 to 166
Right ventricular end-diastolic 12 4 to 19
Pulmonary artery 18 8.3 to 21.3
Femoral artery systolic 146 118 to 207
Femoral artery diastolic 77 50 to 100
Cardiac output (liters/min per m'')
QP1 3.1 1.1 to 9.8
QSl 2.5 1.4 to 4,7
QP/QS ratio 1.3 0.3 to 3.8
Resistance (units' m-)
Pulmonary 8.0 3 to 10.5
Systemic 42.6 26 to 46.2
Systemic oxygen saturation (%) 86 71 to 97
QP1 = pulmonary blood flow index; QSl = systemic blood flow index.
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surgery. In our series, there was only one (3%) early post-
operative death; the patient died of intractable ventricular
fibrillation 48 hours after operation. Two patients (7%) had
severe bleeding less than 6 hours after operation. In both,
reopening of the sternal wound and control of the bleeding
sites were necessary. Both patients recovered uneventfully,
One patient had complete heart block, which required in-
sertion of a permanent pacemaker (operation in 1963). There
were no other instances of heart block. One patient sustained
a minor cerebrovascular accident with mild residual right-
sided weakness at discharge from the hospital. One patient
had a psychotic episode during the immediate postoperative
period, but recovered uneventfully,
Follow-up. Operative survivors were followed up by
return clinic visit, returned questionnaires or telephone con-
tact with the patient or home physician from 5 to 226 months
(mean 110) after total surgical correction,
Late deaths and reoperation. There were seven late
deaths occurring 5 to 21 years postoperatively. Five patients
died of cardiovascular-related causes. Two of the five deaths
were sudden. One patient who was in functional class I died
suddenly in 1967 (5 years after operation). His electrocar-
diogram had shown left axis deviation and right bundle
branch block at discharge from the hospital. The second
patient died 21 years after operation; for 5 years before his
death, he had frequent ventricular ectopic beats on ambu-
latory electrocardiographic monitoring and was receiving
digoxin and quinidine therapy. Autopsy was not performed.
Of the remaining three patients, one died of a cerebrovas-
cular accident (11 years postoperatively), one of myocardial
infarction (also 11 years postoperatively) and one of conges-
tive heart failure and residual ventricular septal defect (8
years postoperatively).
Of the two patients who died ofnoncardiovascular causes,
one died of a cerebral astrocytoma II years after the op-
eration, and the other, with long-standing adult-onset dia-
betes mellitus, died of chronic renal failure 8 years after
operation.
One patient required reoperation. This patient had pul-
monary valve excision during the initial surgery. However,
2 months postoperatively, she returned with refractory right
ventricular failure. On reoperation, a prosthetic pulmonary
valve was inserted. At follow-up study 5 months after dis-
charge from the hospital, she was asymptomatic.
Table 2. Correlation of Hemodynamic Data With Preoperative Functional Status in Patients 40
Years Old or Older With Tetralogy of Fallot
Preoperative Class
Variable II III IV
QP1 (liters/min per m2)* 8.3 2.6 2.4 1.2
QSl (liters/min per m') 3.1 2.2 2.3 3.6
QP/QS ratiot 2.9 1.3 1.1 0.4
Pulmonary resistance (units-rrr') 3.1 9.6 7.4 10
Systemic resistance (units-m") 38 45 45 32
Systemic oxygen saturation (%)+ 95 85 88 73
Significant differences among preoperative classes (Wilcoxon test): *p < O.OL tp < 0.02; :j:p < 0.03.
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Figure 2. Survival curvesof patients withtetralogy of Fallottreated
surgically (observed) compared with survival curves of a normal
age-matchedpopulation (WNC'70) and medically treated patients
(Denmark'49). Probability (p) values representcomparisonof sur-
vival of surgically treated patients with that of medically treated
patients.
10 years, a valid conclusion could not be reached because
of the small number of survivors.
Preoperative and postoperative clinical perform-
ance. Preoperative and postoperative functional classes were
compared using the New York Heart Association classifi-
cation (Fig. 3). The postoperative functional class was ob-
tained at the last follow-up of the surgical survivors. Late
death occurred regardless of preoperative status or post-
operative improvement. All patients either showed improve-
ment or remained in the same functional class; no late de-
terioration occurred.
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Ventricular septal defect + overriding aorta 30 100
Predominant infundibular stenosis II 37
Valvular and infundibular stenosis 19 63
Other
Atrial septal defect 2 7
Patent foramen ovale 5 17
Tricuspid insufficiency (severe) 2 7
Hypoplastic right pulmonary artery I 3
Supravalvular pulmonary stenosis I 3
Right aortic arch 8 27
Patients
Long-term survival. The long-term survival of the op-
erative survivors was compared with that of the following
groups (Fig. 2): normal age-matched control population of
West North Central United States, from a 1970 mortality
table (6), and medically treated patients, from the Danish
data of 1949 (l), for whom the risk of death was estimated
to be 6.4% per year after age 20 years (3).
On the basis of the survival data of our patients, the
probability of survival at 2.5, 5, 7.5 and 10 years postop-
eratively was 97, 92, 92 and 74%, respectively, which was
not statistically different from that of the normal age-matched
population. However, in the medically treated patients, the
probability of survival was only 85, 73. 62 and 53% in the
same respective years and was significantly different from
that of our surgical group (p < 0.001 up to 10 years). After
Table 3. Preoperative Angiographic Findings in 30 Patients 40
Years Old or Older With Tetralogy of Fallot
Figure 3. Comparison of preoperative (Pre) and postoperative
(Post) functional class in 30 patients with tetralogy of Fallot who
underwentcorrectiveoperation. Numbers in parenthesesrepresent
late deaths. There was one early postoperative in-hospital death.
Discussion
Tetralogy of Fallot is the most common cyanotic con-
genital heart disease in the adult. However, without previous
corrective surgery, survival into the fourth decade is rare
(2,7). The results and benefits of surgery in this group of
patients were heretofore unknown. It has been speculated
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Table 4. Types of Surgery for Patients 40 Years Old or Older
With Tetralogy of Fallot
Closure of ventricular septal defect (Teflon patch)
Infundibular resection alone
Infundibular resection with right ventricular
outflow tract reconstruction
Patch enlargement
Pulmonary valvotomy
Pulmonary valve excision
Pulmonary valve excision with insertion
of Hancock conduit
Pulmonary valve excision with insertion
of Hancock valve
Additional corrective procedures
Tricuspid anuloplasty
Patch closure of atrial septal defect with
closure of patent foramen ovale
Patch enlargement of right pulmonary artery
Patch enlargement of main pulmonary artery
Shunt ligation
44 HU ET AL.
TETRALOGY OF FALLOT
lACC Vol. 5. No. I
January 1985:40-4
that total surgical correction in this age group would entail
excessive morbidity and mortality.
Effect on functional state. Our results show that 87%
of all patients were symptomatic preoperatively and all pa-
tients showed improvement or remained in the same clinical
class postoperatively. On long-term follow-up study, no late
deterioration was seen. There were no statistical differences
among hemodynamic variables with respect to the existence
of a prior shunt or postoperative clinical class. Although
our numbers were small, pulmonary vascular obstructive
disease did not seem to be a problem in our II patients who
underwent previous palliative surgery.
Early mortality. In our series, there was only one early
postoperative death-that of a patient who died of intract-
able ventricular fibrillation 48 hours after operation. Pre-
operatively, the patient was in clinical class IV and had
severe cyanosis. Because of the small sample, we could not
determine the factors that precipitated early death.
Late mortality. Late death occurred among all four pre-
operative functional classes. Two patients (7%) who were
asymptomatic died suddenly, one 5 years and the other 21
years after operation. One had electrocardiographic evi-
dence of bifascicular block (right bundle branch and left
anterior hemiblock), and the other had right bundle branch
block with ventricular premature beats. Both electrocardio-
graphic abnormalities have been associated with increased
mortality in postoperative patients with tetralogy of Fallot
(7-11). These published data suggest that patients should
be screened postoperatively for occult heart block and ven-
tricular arrhythmia by means of ambulatory electrocardio-
graphic monitoring and exercise testing.
Survival data. The survival curve of our patients was
compared with that of a normal age-matched control pop-
ulation of West North Central United States (6) and Danish
data from 1949 as analyzed by Bertranou et al. (3). The
survival of the surgically treated group was significantly
better than that of the medically treated group (3). However,
the results after IO years could not be validly analyzed
because of the small numbers. Nevertheless, on the basis
of this experience, we can recommend that patients 40 years
old or older with tetralogy of Fallot undergo corrective sur-
gery since the surgical risk is acceptable and long-term
results are gratifying.
We gratefully acknowledge the assistance of James M. Naessens, MS and
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